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GIIRS: Geo. Interferometric Infrared Sounder

Outline

® Background: WHY Geo. SOUNDER ?

® Evaluation and Assimilation of GIIRS in 4D-Var

® Targeted Observing using GIIRS for HIW

® Future Perspective: Global Geo. SOUNDERS



Why do we need GEO hyperspectral IR sounders?

Operational ECMWF system September to December 2008. Averaged over all model layers and
entire global atmosphere. % contribution of different observations to reduction in forecast error.

AMSU-A: Adv MW Sounder A on Aqua and NOAA POES (T)
IASI: IR Atmos Interferometer on METOP (T,H)

AIRS: Atmos IR Sounder on Aqua (T,H)

AIREP: Aircraft T, H, and winds

GPSRO: RO bending angles from COSMIC, METOP

TEMP: Radiosonde T, H, and winds

QuikSCAT: sfc winds over oceans

SYNOP: Sfc P over land and oceans,H, and winds over oceans
AMSU-B: Adv MW Sounder B on NOAA POES

GOES winds

METEOSAT winds

QOcean buoys (Sfc P, H and winds)

PILOT: Pilot balloons and wind profilers (winds)

HIRS: High-Resol IR Sounder on NOAA POES (T H)

MSG: METEOSAT 2nd Generation IR rad (T,H)

MHS: MW humidity sounder on NOAA POES and METOP (H)
AMSRE: MW imager radiances (clouds and precip)

SSMI: Special Sensor MW Imager (H and sfc winds)

GMS: Japanese geostationary satellite winds

MODIS: Moderate Resolution Imaging Spectroradiometer (winds)
GOES IR rad (T,H)

MTSATIMG: Japanese geostationary sat vis and IR imagery
METEOSAT IR Rad (T,H)

O3: Ozone from satellites

Note:

1) Sounders on Polar Satellites
reduce forecast error most

2) Results are relevant for other NWP
Centers, including NWS/NCEP

Forecast error contribution (%)

Courtesy: Carla Cardinali
and Sean Healy, ECMWF 39

Compared with LEO: Larger spatial
coverage and higher temporal
resolution for regional models
Compared with microwave
sounders: finer vertical resolution

AIRS Tb (K) at 10.9 um 2012-10-27 00:00:00 UTC

GEO
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Q: GEO high temporal
resolution observations GEO
provide critical information for
nowcasting, what is the impact
in NWP models, for example, on
storm forecasts?



Milestones of GRAPES
GRAPES =Global/Regional Assimilation PrEdiction System

v Unified dynamic frame
v’ Regional physics package

v Regional

3DVar (P-lev) v Sponsored by

the MOST and

FY-3A/B/C/D

v'Oper. of

GRAPES-Meso

V1.0

v'Prototype of

GRAPES-GFS

¥’ Pre-operation of v’ Operation of

v/ Regional GRAPES-GFS V1.0 GRAPES-RAFS
3DVar (Model- v'Upgrade of GRAPES- v Prototype of
lev) Meso V3.0 Regional 4DVar

v  Initiation of GPAPES
Programme

4D-Var
v'GRAPES-GFS V2.2 oper. (2018)

v'"GRAPES-GFS V2.0 oper. (2016)*
v'GRAPES-REPS V1.0 oper. (2015)
v’ GRAPES-Meso 3km (2015)

v'Operation of GRAPES-TYM
v'"GRAPES-Meso V4.0

4 v'GRAPES-RRAFS V2.0
v’Upgrade of GRAPES-GFS V1.4
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Geostationary Satellite Sounding: FY-4A GIIRS
Opportunities for Targeted Observing
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Forecast Orlented Observmg by FY- 4A GIIRS to improve HIW



GREAT opportunity with FY-4A

FY-4A: AGRI(Imager)+LMI(Lightening)+GIIRS(Sounding)
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iesign of Field Of Regard (FOR)
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FOR dependent bias and std (CH6, 300hPa)

C-B longwave (6) 201708010831
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Constrained VarBC

—~>Regularization : Constrained Bias Correction(CBC), CVarBC
[b]| <le

calibration T ||e||RTm0del T ||e

other

2J(x,p) = (x,—x)"B.(x, ~X)
+ (B - Bb)TB;;l(B _Bb)
+ [y —H(x)=h(x,B)] 'R [y — H(x) - h(x,p)]
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Before FOV BC O-B Bias longwave (6)

20170801_0831

After FOV BC




Bias Dependence on satellite zenith angle

O-B Bias longwave (6)

20170801_0827
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GIIRS spectral coverage and comparisons with others
The First Hyperspectral IR sounder on GEO orbit
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Pressure(hPa)

Jacobians of FY-4A GIIRS
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FY4A GIIRS Observation Operator: RTTOV-GIIRS
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Di, D., Jun Li, Wei Han, W. Bai, C. Wu, and W. Paul Menzel, 2018: Enhancing the fast radiative
transfer model for FengYun-4 GIIRS by using local training profiles, Journal of Geophysical
Research - Atmospheres, DOI: 10.1029/2018JD029089.

https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2018JD029089



https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2018JD029089

Local Training RTTOV coeffients for GIIRS/FY-4A
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Observation Error Estimation
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Pressure(hPa)

GIIRS channel selection
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Brightness Temperature (K)
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GIIRS Selected Temperature Sounding Channels
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Impact of FY-4A GIIRS on
Forecast over East Asia®;

(August 2017)

GRAPES gloal 4D-Var
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Impact of FY-4A GIIRS over East Asia (November 2018)

Anomaly Correl: HGT P500 G2/EASI 00Z, Day 5
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FY-4A REAL-TIME Experiments for Typhoons(2018)
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REALTIME Targeted Observing for Typhoons in 2018

® High Temporal Sounding(15 minutes)
- Typhoon Mairia: July 9th -11th 2018 (every 15 minutes)

® Ambil: Clear Sky Intelligent Sounding
- NWP guided GIIRS sounding

® High Temporal Sounding over Sensitive Area
- Typhoon Ambil: July 23rd — 24th 2018 (every 30 minutes)
- Typhoon Mangkhut: Sep. 12t -15t" 2018 (every 30 minutes)



GIIRS Intelligent Observation g el 20

Fully automatic plan & control | Trsramet

observation
| |_> on time —l
|

| Instructions
upload

Data download

| 3 o — I — _

Users

Area &time of
meteorological
phenomena

|(iruum| segment

Automatic & flexible instruction generation of FY-4A NRS
(navigation and registration system), based on users’ requirement,
navigation and calibration requirement and sun avoiding




Starting 00Z (UTC) 10 July 2018
GIIRS provides observations every 15 minutes

Date:20180710000000 001(regx)
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Starting 00Z (UTC) 10 July 2018
GIIRS provides observations every 15 minutes

2018-07-10-0000




Jacobi Peak:(hPa)

FY-4A GIIRS humidity sounding
(Every 15 minutes)
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Temperature channel peaking around 200 hPa,
assimilated in GRAPES-GFS with 4D-Var system
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Impact of assimilating high temporal GIIRS observations on
analysis: Warm core is enhanced
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Impact of GIIRS high temporal observations on
Typhoon Maria forecasts (72-h)

2018071000UTC MARIA




Impact of GIIRS on Typhoon Maria Track forecasts
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Typhoon Mangkhut: Targeted Observig Using FY-4A GIIRS
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Target observing using GIIRS Typhoon Mangkhut 2018

Date:20180912110000 20180912112212(GIIRS:Ch993)
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The targeted observation received in 1 minute

Apply : NWPC apply for the target observing;
Aproved . CMA and NSMC approved the application: 1 hour
Targeted Observing : FY-4A GIIRS begin targeted observing!

Date:20180912110000-001(regx)
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Improved the forecast of Typhoon Mangkhut by
targeted observing using FY-4A GIIRS
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FY-4A GIIRS Targeted Observing for Typhoon Forecasts

GRAPES 4D-Var

50°N

40°N

Assimilation
of targeted
obs.

20°'N

GRAPES SVs N
Sensitive area Every 30 minutes sounding in

sensitive area

Improve the high impact weather through targeted observing
strategy using FY-4A high temporal sounding



Data and Experience Sharing of FY-4A GIIRS

® GIIRS L1 data (brightness temperature) has been available
since January 24, 2019. RENSHFtIL TS

- Data download: http://data.nsmc.org.cn

- Document: http://fy4.nsmc.org.cn/portal/cn/theme/FY4A.html
® Targeted Observation Data in 2018 and 2019

- Typhoon Maria: July 9t -11th 2018 (every 15 minutes)

- Typhoon Ambil: July 231 — 24t 2018 (every 30 minutes)

- Typhoon Mangkhut: Sep. 12th -15t 2018 (every 30 minutes)

- Typhoon Lekima: Aug. 08t -10t" 2019 (every 30 minutes)
® Observation Operator for GIIRS

- RTTOV(V9.3, V12.1)

WORLD : g w‘;\
{7’} VETEOROLOGICAL WO N,IMETE OLOGICAL CENTRE BELJING
\"“L e GloballMemi -Grlng 'Farecgstlng and Services

Satellites Models Verification Documents Weather Forum



http://data.nsmc.org.cn/
http://fy4.nsmc.org.cn/portal/cn/theme/FY4A.html

Summary and Future Perspective

® GREAT opportunities provided by FY-4A for targeted observing
- Potential operational use for high impact weather prediction

- Typhoon

® Cooperation on the use of FY-4A
- Observation Operator (RTTOV coefficients)
- Data and experience sharing

- Cooperation on FY-4A targeted observing to improve hurricane forecasts

® Future Perspective
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